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WO 00/50072 PCT/US00/04733 
Method For The Purification, Recovery, And Sporulation of Cysts And Oocysts 

Background of the invention 
This invention relates generally to methods for the purification, recovery, and 
5 sporulation of encysted protozoa for use in the production of vaccines. Protozoa are pathogens 
known to attack the gastrointestinal tract of the host In a situation where the host has a weak or 
suppressed immune system, such as very young, very old, and immune-compromised hosts, 
infection may be fatal. Such a loss can translate into an economic loss as well. Protozoa are present 
in the environment in a relatively stable cyst form, also termed an oocyst when the protozoa is a 

10 sporozoa. Upon ingestion into the host, the encysted protozoa responds to the conditions of the 
gastrointestinal tract and infects the host 

In order to prevent or alleviate the problem of these diseases, non-in-ovo vaccines 
have been developed. These vaccines typically expose the host to a low level of the protozoa in 
order to develop immunity in the host without causing disease. Such vaccines include a vaccine 

15 against avian coccidiosis caused from any one of a number of species of coccidia (U.S. Patent No. 
5,055,292), a vaccine for cats against toxoplasma (U.S. Patent No. 5,045, 313), and vaccines for 
pigs and other ruminants (U.S. Patent No. 4,808,404). These vaccines are only partially effective 
because they must be given by gavage or applied to the water or the food of the animal. Gavage is 
ineffective because it requires manual vaccine introduction. Also, many chicks die due to handling. 

2 0 Adding the vaccine to the food or water is also ineffective as young chicks eat little directly after 

hatching; therefore, disease control is delayed. The result is less rapid weight gain and a longer time 
to reach market weight 

in order to produce the vaccine, a supply of adequately purified encysted protozoa 
must be obtained. Current separation and recovery techniques employ corrosive, hazardous, toxic 

25 materials. Measures must be undertaken to compensate for these materials such as extensive 

washing operations to remove these materials which results in low product yield. The typical method 
of obtaining the encysted protozoa includes obtaining a source of encysted protozoa, such as the 
intestines or feces of infected animals. The intestinal matter or focal matter needs to be separated 
from the encysted protozoa, and a flotation method is used. Heavy media flotation or sedimentation 

30 processes have been used where the heavy media is sodium chloride (U.S. Patent No. 4,863,731) 
or sucrose (U.S. Patent No. 5,068,104). The heavy media is used in an aqueous mixture. 
Unfortunately, the use of aqueous mixtures of the heavy media can have adverse effects. For 
example, aqueous mixtures of sodium chloride can lead to severe equipment corrosion. 

Before the encysted sporozoa can become infective, the separated oocysts must be 

35 sporulated by mild oxidation. Mild oxidation is accomplished by either placing the suspension on a 
shaking table or bubbling air through the suspension of the oocysts. Potassium dichromate is 
typically employed to suppress any unwanted microbial growth during sporulation. But potassium 
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dichromate Is a hazardous material. Its use creates handling and disposal problems. Its removal 
results in reduced yield and increased costs. 

A final bleaching step using sodium hypochlorite is used to eliminate any remaining 
organic material and undesired microorganisms. The bleached encysted protozoa must be washed 
5 to reduce the residual bleaching agent concentration to an acceptable level. Washing is 

accomplished by a series of dilutions and oocyst recovery operations to reduce the bleaching agent 
levels while producing an oocyst concentrate. The final encysted protozoa concentrate is made Into 
a vaccine under sterile conditions. Each vaccine may include multiple species of protozoa to provide 
the greatest amount of protection possible. 

10 A need exists for a more efficient vaccination method. Such a vaccination method 

would employ a live vaccine dosed at a level sufficient to generate an immuno-response to build 
immunity but low enough not to cause acute symptoms. For example, an in-ovo vaccine against 
avian coccidiosis can shorten treatment times and allow a more uniform dosage. This method could 
also be used to collect and produce human vaccines for protection against protozoa including 

15 Cryptosporidium and Giardia tamblia. The method would employ a non-corrosive dense media 

flotation process or a gas flotation process that eliminates the need for salt entirely. This improved 
method would not use a hazardous biocide such as potassium dichromate. Such an alternative 
biocide or oxidant could also double as a bleaching agent, eliminating another step in the process 
and another hazardous compound. 

20 

Summary of the Invention 
The present invention is directed to a method for the purification and recovery of 
encysted protozoa, including separating the encysted protozoa from a suspension containing the 
encysted protozoa by either a salt flotation process where the salt is salts such as sodium sulfate, 

2 5 magnesium sulfate, magnesium chloride, calcium chloride, or mixtures thereof, or a gas flotation 

process. 

In one embodiment, the method of separating the encysted protozoa is 
accomplished by a salt flotation process and the salt is sodium sulphate. In this embodiment, the 
method includes preparing an admixture comprising the encysted protozoa and the sodium sulphate, 

3 0 centrifuging the slurry and recovering a supernatant therefrom, forming a dilution of the supernatant 

and centrifuging the dilution, and recovering the concentrate from the centrifuged dilution. This 
embodiment may also include homogenizing the admixture by high intensity homogenization. The 
sodium sulphate is present in the admixture in an amount from about 3 to about 30 weight percent 
Further, the specific gravity of the dilution may be less than the specific gravity of the encysted 
35 protozoa. The concentrate comprises from about 1x10 4 to about 1.5X10 6 encysted protozoa/ml. 

In another embodiment, separation of the encysted protozoa is accomplished by the 
gas flotation process. The gas flotation process includes adjusting the suspension to a pH sufficient 
to affect adhesion between bubbles of the gas in the suspension and the encysted protozoa, 
conditioning the pH adjusted suspension by adding a sufficient amount of a surface active agent 
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compound to selectively coat particles in the suspension and a sufficient amount of a heteropolar 
compound to produce a stable froth, passing the conditioned suspension through at least one gas 
flotation cell, and recovering the encysted protozoa from the gas flotation cell. Suitable gases 
include air. When the gas is air, the pH can be adjusted to about 2.5 to about 3.5. The surface 
5 active agent compounds include a sodium salt of long-chain alkyl hydrogen sulfate, a quaternary 
ammonium compound, a blend of a fatty ammonium acetate and 2-ethylhexanol, an ester/amide 
compound, an alkyloxy polyethylenoxyethanol, and mixtures thereof. The heteropolar compounds 
include amyl alcohols, butyl alcohols, terpinols, cresols, and mixtures thereof. Suitable gas flow 
rates for the gas flotation cell range from about 0.25 to about 1.1 volumes of gas per volume of 

10 suspension per minute. In a preferred embodiment the gas flotation cell comprises at least two 
serial gas flotation units, and these units can have different gas flow rates. 

The present invention is also directed to method for the sporulation of oocysts which 
includes forming an aqueous suspension of the oocysts with water and hydrogen peroxide, wherein 
the hydrogen peroxide is present in an amount sufficient to eliminate unwanted microbiological 

15 growth, and aerating the aqueous suspension to sporulate the oocysts. The aqueous suspension 
may be aerated for a time period greater than about 40 hours under conditions such that the 
aqueous suspension during aeration has a dissolved oxygen level greater than about 80% of the 
saturation level at a temperature of about 22°C to about 32°C and may have an agitation level 
sufficient to adequately suspend all the solids. In this embodiment the aqueous suspension can 

2 0 include an oocyst concentration of about 10 4 to about 10 6 oocysts/ml and a hydrogen peroxide 

concentration of about 1 ,000 to about 20,000 mg/l. 

In a further embodiment the present invention covers a method for the purification, 
recovery, and sporulation of oocysts including separating the oocysts from a first suspension 
comprising the oocysts, and sporulating the separated oocysts by the methods of the present 
25 invention. Suitable oocysts are Emeria maxima, Bmeria mitis, Bmeria ten el (a, Eimeria acervuliha, 
Eimeria brunetti, Bmeria necatrix, Bmeria praecox, and mixtures thereof. In one embodiment 
separation of the oocysts is accomplished by a sodium sulfate flotation process which includes 
preparing an admixture comprising the oocysts and the sodium sulphate, centrifuging the slurry and 
recovering a supernatant therefrom, forming a dilution of the supernatant and centrifuging the 

3 0 dilution, and recovering the concentrate from the centrifuged dilution. 

In another embodiment separation the oocysts is accomplished by a gas flotation 
process which includes adjusting the first suspension to a pH sufficient to affect adhesion between 
bubbles of the gas in the suspension and the encysted protozoa, conditioning the pH adjusted 
suspension by adding a sufficient amount of a surface active agent compound to selectively coat 
3 5 particles in the suspension and a sufficient amount of a heteropolar compound to produce a stable 
froth, passing the conditioned suspension through at least one gas flotation cell, and recovering the 
encysted protozoa from the gas flotation cell. This embodiment may further include adding a 
bleaching agent to the sporulated oocysts in an amount sufficient to inactivate residual 
microorganisms and eliminate residual organic matter, and bleaching the sporulated oocysts. In 
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another embodiment the bleaching is conducted concurrently with the spoliation, and the bleaching 
agent is hydrogen peroxide. In yet another embodiment, the bleaching agent is sodium hypochlorite 
present in an amount from about 5,000 to about 10,000 parts per million free available chlorine, 
ozone present in an amount up to about 3% in air, and combinations thereof. 
5 This method may further include washing the bleached oocysts by cross-flow 

membrane filtration to decrease the residual bleaching agent concentration to an acceptable level. 
In yet another embodiment, the bleaching agent is sodium hypochlorite present after washing in a 
concentration sufficient to suppress residual microbial growth, and the bleached and washed oocyst 
suspension has a concentration from about 1 x 10 6 to about 2.5 x 10 s oocysts/ml, a maximum solids 

10 size of less than about 200 microns, and sodium sulphate present in an amount sufficiently low to not 
interfere with the viability and infectivity of the cysts or oocysts, preferably less that about 3 percent, 
more preferably less than about 0.9 percent This method may further include concentrating the 
bleached and washed oocysts into a sterile concentrate, combining sterile concentrates of one or 
more species of oocysts into a combined concentrate, and packaging the combined concentrate 

15 under sterile conditions. 



Brief Description Of The Drawings 
Fig. 1 A is a flow chart illustrating embodiments of a first portion method of the 
present invention; 

2 0 Fig. 1 B is a flow chart illustrating embodiments of a second portion method of the 

present invention; 

Fig. 2 is a plot showing oocyst concentration verses sodium sulfate concentration; 

and 

Fig. 3 is a plot showing sporulation percent verses time after cyst harvest. 

25 

Detailed Description Of The Invention 
The present method is directed to producing a concentrate of cysts or s populated 
oocysts to be utilized in a vaccine. Specifically, the method is directed to producing a concentrate of 
sporulated avian coccidial oocysts to be used to produce an in-ovo vaccine against coccidiosis. The 

3 0 production of a suitable and acceptable vaccine requires a multi-step treatment process constituting 

a plurality of unit processes. As shown in Figs. 1A and 1B t the vaccine production process can 
include taking a suspension of encysted protozoa, homogenizing the suspension, separating the 
encysted protozoa from the suspension by either salt flotation or gas flotation, sporulating the 
encysted protozoa if required, bleaching the sporulated encysted protozoa, washing the bleached 
3 5 product concentrating the encysted protozoa, combining the concentrates from multiple encysted 
protozoa, and sterile filling to produce a vaccine. These steps are described in further detail below. 

Encysted protozoa, which includes cysts and oocysts, may be obtained from various 
sources including purified suspensions, intestinal linings, and fecal suspensions. Especially when 
the encysted protozoa are obtained from feces, the suspensions or slurries can include significant 
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amounts of undesirable suspended solids. For example, the suspensions can include from about 1 
up to about 20 weight percent solids or feces. Preferably, the suspension includes from about 5 to 
about 20 weight percent solids when salt flotation is used and about 1 weight percent when gas 
flotation is used. In order to liberate the cysts from the associated organics in the suspension, the 
5 suspension may be subjected to a homogenization step. The suspension may be homogenized for 
a time period from about greater than 0 to about 5 minutes, preferably 1 minute depending upon the 
intensity of the homogenization. The homogenization conditions should be sufficiently intense to 
liberate the cysts and oocysts but gentle enough to prevent their destruction. 

The encysted protozoa need to be separated from this first suspension, preferably to 
10 achieve at least about 70% encysted protozoa recovery and at least about 80% solids rejection. 
Typically, this results in an encysted protozoa concentration of about 1x1 0 4 to about 1.5X10 6 
encysted protozoa/ml. Separation can be achieved by either a salt flotation process or a gas 
flotation process. 

When a salt flotation process is used, an admixture of the unpurified encysted 
15 protozoa and the salt is prepared. Suitable salt solutions include dense solutions of water soluble 
salts including chlorides, sulfates, phosphates, nitrates, and acetates of ammonium, sodium, 
potassium, calcium, magnesium, and zinc. Suitable highly hydrogen-bonded organics including urea 
and the salts of guanidiene. Preferably, the salts include sodium sulfate, sodium chloride, 
magnesium sulfate, magnesium chloride, calcium chloride, and mixtures thereof. More preferably, 
20 the salt is sodium sulfate. These salts provide the benefit of being significantly less corrosive to the 
process equipment. The salt is added in an amount sufficient to produce a difference between the 
specific gravities of the encysted protozoa and the admixture. Preferably, the specific gravity of the 
encysted protozoa will be less than the specific gravity of the admixture. The salt is present in an 
amount from about 3 to about 30 weight percent, preferably about 14 to about 20 weight percent, 

2 5 more preferably about 20 weight percent. 

The admixture is then subject to centrifugation and the supernatant and concentrate 
are collected. Depending upon the admixture conditions, the encysted protozoa can be contained in 
the supernatant or the concentrate. The admixture is centrifuged at about 3000 to about 15,000g, 
preferably 12,000g for a period of time necessary to adequately separate the encysted protozoa, 

3 0 typically up to about 10 minutes. For a 20% sodium sulfate solution, the encysted protozoa will be 

contained in the supernatant; therefore, the supernatant is collected and the concentrate or pellet is 
directed to waste. As shown in Fig. 2, a sodium sulfate concentration of 20% provides for a high 
concentration of encysted protozoa (oocysts in this case) in the supernatant (product) and only a 
small amount of encysted protozoa in the pellet (waste). A dilution is formed by the addition of water 
35 to the recovered supernatant The supernatant is diluted sufficiently so that the specific gravity of 
the encysted protozoa is more than the specific gravity of the dilution. Therefore, the encysted 
protozoa will tend to settle in the dilution. For a sodium sulfate concentration of 20%, the ratio of the 
weight of the dilution to the weight of the supernatant is from about 4 to about 8. 
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The dilution is then centrifuged for a second time under comparable centrifugation 
conditions as in the first centrifugation, such that the residual salt concentration is less than about 10 
weight percent, preferably less than about 1 weight percent, and the resulting cyst concentration is 
about 10 4 to 10 6 cysts/ml representing about 80 to about 95 percent recoveiy. The solid debris 
5 rejection rate is preferably about 90 to about 99 percent In this embodiment, the encysted protozoa 
are recovered from the concentrate and the supernatant is directed to waste. 

In another embodiment separation of the encysted protozoa is accomplished by a 
gas flotation process. Preferably the gas is air, although any gas including oxygen and nitrogen 
could be used. When gas flotation is used, the pH of the suspension is adjusted to a pH sufficient to 

10 affect adhesion between the gas bubbles in the suspension and the encysted protozoa by changing 
the surface chemistry of the encysted protozoa. The pH is typically adjusted to a pH of about 2 to 
about 9, preferably about 2.5 to 3.5, more preferably about 3. 

The pH adjusted suspension is additionally conditioned by the addition of a surface 
active agent compound, sometimes referred to as a collector compound and a heteropolar 

15 compound, sometimes referred to as a frother compound. The surface active agent compound, also 
termed a selective detergent wetting agent or emulsifier, is added in an amount sufficient to 
promote contact between selected solids and the gas bubbles by forming a thin coating over the 
particles to be floated, rendering these particles hydrophobic, while not coating other particles. 
Therefore, through selection of the surface active agent compound, the particles to be floated can be 

2 0 determined. Therefore, the encysted protozoa could be collected in a gas flotation process in which 
they are floated or in a reverse flotation process in which the solids to be removed are floated. 
Suitable surface active agents include a sodium salt of long-chain alkyl hydrogen sulfate, a 
quaternary ammonium compound, a blend of a fatty ammonium acetate and 2-ethylhexanol, an 
ester/amide compound, an alkyloxy polyethylenoxyethanol, and mixtures thereof. Preferably, the 

2 5 surface active agent compound is sodium lauryl sulfate. The surface active agent should be present 

in an amount sufficient to coat the particles to be floated. The surface active agent is present in an 
amount from about 0.5 to 2 lb per ton of solids in the conditioned suspension, preferably 0.5 lb per 
ton of solids. Alternatively, the surface active agent compound can be about 0.5 lb dodecyl amine 
per ton of solids which has been acidified with hydrochloric acid until a neutral pH is obtained, or 

3 0 about 0.5 lb potassium salt of oleic acid per ton of solids. 

The heteropolar compounds are selected for their ability to change the surface 
tension of the water and produce stable froths. Typically, these heteropolar compounds contain one 
or more hydrocarbon groups attached to one polar group, with the hydrocarbon radical having 
upwards of 5 or 6 carbon atoms. Suitable heteropolar compounds include amyl and butyl alcohols, 
3 5 terpinols, cresols, and mixtures thereof. Preferably, the heteropolar compound is methyl isobutyl 
carbinol (MIBC) also referred to as methyl amyl alcohol and most accurately referred to as 4- 
methylpentanol,-2. The heteropolar compound is present in an amount sufficient to produce a stable 
froth. Preferably, the heteropolar compound is present in an amount up to about 2.0 lb per ton of 
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solids, more preferably from about 0.5 to 2.0 lb per ton of solids, most preferably about 0.5 lb per ton 
of solids. 

The conditioned suspension is passed through a gas flotation cell and the encysted 
protozoa are recovered. Depending upon the pH, surface active agent compound, and heteropolar 
5 compound selected, the encysted protozoa may be floated or retained in suspension. Preferably, 
the encysted protozoa are floated. The gas flotation process is conducted for a period of time and at 
an air flow rate sufficient to recover about 20 to 100 percent, typically about 85 percent of the 
encysted protozoa while rejecting about 20 to 90 percent, typically 70 percent of the solid debris. 
The gas flotation process is conducted for a period of time of about 3 minutes to greater than about 

10 10 minutes, preferably about 10 minutes. The gas flow rate in the air flotation cell is about 0.25 to 
about 1 . 1 volumes of gas per volume of solution per minute Cwm"), preferably about 0.25 to about 
0.83 wm, more preferably about 0.25 to about 0.75 wm. The gas flotation cell may include a 
plurality of serial flotation units. Preferably, the gas flotation cell includes at least two serial flotation 
units. Preferably, the flotation units are gas flotation columns. The gas flow rate in the serial 

15 flotation units may be the same or different Preferably the gas flows are different, for example about 
0.47 wm for a 32 inch high, 2 inch diameter column and about 0.27 wm for a 60 inch high, 2 inch 
diameter column. 

When the encysted protozoa are oocysts or encysted sporozoa, the oocysts are 
sporulated. As is shown in Fig. 3, spoliation should occur as soon after harvesting the oocysts as 

2 0 possible, preferably, the oocysts should be sporulated within 3 days after harvest An aqueous 
suspension of the oocysts and an oxidant or biocide is prepared, and the aqueous suspension is 
aerated for a period of time sufficient to sporulate the oocysts. If a salt flotation process was used to 
separate the oocysts, then the salt concentration during spoliation should be less than about 10 
weight percent, preferably less than about 2 weight percent more preferably less than about 1 

2 5 weight percent Preferably, the cyst concentration during spoliation is about 1 0 4 to about 1 0 6 

oocysts/ml, more preferably about 10 5 oocysts/ml. The oocysts should be sporulated within about 1 
to 24 hours after recovery of the purified cyst concentrate. The pH of the aqueous suspension 
should be about 5.0 to 7.0, preferably about 5.2 to 6.8. The temperature of the aqueous suspension 
in one embodiment is about 20 to about 33 °C, preferably about 22 to about 32°C, more preferably 

3 0 about 25 to about 29°C, most preferably about 25°C. The aeration rate in one embodiment is about 
0.1 to about 10 wm, preferably about 0.1 to about 2.0 wm. Overall, the agitation level should be 
sufficient to folly suspend all solids during spoliation but not enough to destroy the oocysts. This 
may occur through aeration, shaking, stirring, and combinations thereof. When stirring is used, for 
example, the stirring should be sufficient to keep the suspended solids in suspension but not enough 

35 to destroy the cysts or oocysts. Suitable stirring in a 6 inch diameter vessel can occur at about 121 
to 204 rpm, preferably about 197 to 200 rpm, more preferably about 200 rpm. The dissolved oxygen 
content should be maintained at a level sufficient to permit the oocysts to sporulate, preferably about 
80% of the saturation concentration at the given temperature. The time period for spoliation can be 
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up to about 72 hours, preferably between about 40 and about 72 hours, more preferably about 48 to 
about 50 hours. 

The oxidant is added in a sufficient amount to inactivate the undesirable microbial 
growth in the aqueous suspension. Suitable oxidants, or bioctdes, include hydrogen peroxide, 
5 ozone, potassium dichromate, chlorine, and combinations thereof. In one embodiment, the oxidant 
is potassium dichromate and is present in an amount of about 2.5 v/w percent In a preferred 
embodiment the oxidant is hydrogen peroxide present in an amount from about 1,000 to about 
20,000 mg/l, preferably about 5,000 mg/l. Hydrogen peroxide provides the benefit of easier and less 
expensive handling, and the generation of a hazardous waste by-product from this process is 
10 alleviated. 

Aeration can be accomplished by either shaking on a shaker table or air sparging in 
a sporulation tank (e.g. fermentation tank). Preferably, aeration is accomplished in an air sparging 
tank because the mass transfer of air is greater, thus reducing the time for sporulation and the 
required size of the equipment 

15 Following sporulation, if necessary, the oocysts may be washed to reduce the 

residual oxidant concentration to an acceptable level. Hydrogen peroxide provides the benefit of 
eliminating the need for this step. Washing may be accomplished by serial washings, preferably, 
washing is accomplished by membrane filtration, more preferably by diafiltration. In the case of 
membrane filtration, the membrane pore size is selected to allow passage of solutes through the 

2 0 membrane while restricting the passage of the oocysts from one side of the membrane to the other. 
In one embodiment, washing is conducted with water at a transmembrane pressure of about up to 
about 30 psi, preferably about 20 to about 25 psi, a crossflow velocity of up to about 10 m/s, 
preferably about 2 m/s, and a flux through the membrane of up to about 10 l/min/m 2 , preferably about 
3 l/min/m 2 . 

2 5 The oocysts may be bleached to inactivate residual microorganisms and to eliminate 

residual organic matter. First, a sufficient amount of a bleaching agent is added, and then the 
oocysts are bleached or contacted with the bleaching agent for a sufficient period of time. The 
oocysts may be bleached for a period of up to 1.5 hours. Suitable bleaching agents include sodium 
hypochlorite, hydrogen peroxide, ozone, and mixtures thereof. The bleaching agent can be initially 

3 0 present in an amount of about 2,000 to about 20,000 mg/l, preferably about 8000 to about 1 0,000 

mg/l, more preferably, 8000 mg/l. The bleaching agent should not be present in an amount sufficient 
to cause corrosion in the process equipment When hydrogen peroxide is used for sporulation, 
bleaching and sporulation may be conducted concurrently. Following bleaching, the bleached 
suspension is washed, if necessary, to reduce the residual oxidant concentration to an acceptable 
3 5 level. When sodium hypochlorite is the bleaching agent the acceptable level is less than about 1 
mg/l. Washing can be accomplished by either serial washing or diafiltration. 

The bleached suspension can be concentrated into a sterile concentration having a 
concentration high enough for efficient and effective handling. For example, the final concentrated 
encysted protozoa suspension can include a maximum solids size of less that about 200 microns, 
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preferably less than about 25 microns, a salt content of less than about 0.9 percent a free residual 
chlorine concentration of less than about 1 mg/l but sufficient to keep.residual microbial growth 
suppressed, and a cyst concentration of about 1 x 10 6 to 2.5 x 10 6 cysts/ml. 

When numerous encysted protozoa or different species of one genus of encysted 
protozoa are to be used in a single vaccine, the sterile concentrates from the different species are 
combined into a single sterile concentrate. For example, the encysted protozoa can be avian 
coccidial oocysts including Bmeria maxima, Eimeria rnitis, Eimeria teneUa, Bmeria acervulina, 
Emeria bruneW, Eimaria necatrix, Bmeria praecox, and mixtures thereof including multiple strains of 
each. Finally the combined concentrates are subject to filling and packaging under sterile conditions, 
and a vaccine is produced. 

Although preferred embodiments of the present invention have been described, it is 
understood that the present method can be used to produce other vaccines for numerous types of 
animal and for humans. This method could, in fact, be used to immunize humans against typical 
waterborne protozoa such as Cryptosporidium and Giardia lamblia. Moreover, even though the 
entire recovery process is described, unit processes thereof may be used independently or inserted 
into other recovery, monitoring, or treatment schemes without departing from the scope and spirit of 
the present invention. 
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The Claims 

What is claimed is: 

5 1 . A method for the purification and recovery of encysted protozoa, comprising separating the 

encysted protozoa from a suspension comprising the encysted protozoa by a salt flotation process 
wherein the salt comprises sulfates, phosphates, nitrates, acetates of ammonium, sodium, 
potassium, calcium, magnesium, or zinc, hydrogen-bonded organics, the salts of guanidiene, or 
mixtures thereof, or a gas flotation process. 

10 

2. The method of claim 1, wherein separating the encysted protozoa is accomplished by a sodium 
sulphate flotation process which comprises: 

preparing an admixture comprising the encysted protozoa and the sodium sulphate; 
centrifuging the slurry and recovering a supernatant therefrom; 
15 forming a dilution of the supernatant and centrifuging the dilution; and 

recovering the concentrate from the centrifuged dilution. 

3. The mixture of claim 2, further comprising: 

homogenizing the admixture by high intensity homogenization. 

20 

4. The method of claim 2, wherein the sodium sulphate is present in the admixture in an amount 
from about 3 to about 30 weight percent 

5. The method of claim 2, wherein the specific gravity of the dilution is less than the specific gravity 
25 of the encysted protozoa 

6. The method of claim 2, wherein the concentrate comprises from about IxlO 4 to about 1.5x10 6 
encysted protozoa/ml. 

30 7. The method of claim 1 , wherein separating the encysted protozoa is accomplished by the gas 
flotation process which comprises: 

adjusting the suspension to a pH sufficient to affect adhesion between bubbles of the gas in 
the suspension and the encysted protozoa; 

conditioning the pH adjusted suspension by adding a sufficient amount of a surface active 
3 5 agent compound to selectively coat particles in the suspension and a sufficient amount of a 
heteropolar compound to produce a stable froth; 

passing the conditioned suspension through at least one gas flotation ceil; and 
recovering the encysted protozoa from the gas flotation cell. 
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9. The method of claim 8, wherein the suspension pH is about 2.5 to about 3.5. 

5 10. The method of claim 7, wherein the surface active agent compound comprises a sodium salt of 
long-chain alky I hydrogen sulfate, a quaternary ammonium compound, a blend of a fatty ammonium 
acetate and 2-ethylhexanol, an ester/amide compound, an alkyloxy polyethylenoxyethanol, or 
mixtures thereof. 

10 11. The method of claim 7, wherein the heteropolar compound comprises amyl alcohols, butyl 
alcohols, terplnols, cresols, or mixtures thereof. 

12. The method of claim 7, wherein the gas flotation cell has a gas rate from about 0.25 to about 1.1 
volumes of gas per volume of suspension per minute. 

15 

13. The method of claim 7 wherein the gas flotation cell comprises at least two serial gas flotation 
units. 

14. The method of claim 13, wherein the at least two units comprise different gas flow rates. 

20 

1 5. A method for the sporulation of oocysts, comprising: 

forming an aqueous suspension of the oocysts with water and hydrogen peroxide, wherein 
the hydrogen peroxide is present in an amount sufficient to eliminate unwanted microbiological 
growth; and 

2 5 aerating the aqueous suspension to sporulate the oocysts. 

16. The method of claim 15, wherein the aqueous suspension is aerated for a time period greater 
than about 40 hours such that the aqueous suspension during aeration has a dissolved oxygen level 
greater than about 80% of the saturation level at a temperature of about 22°C to about 32°C and 

3 0 with an agitation level sufficient to adequately suspend all the solids. 

17. The method of claim 15 wherein the aqueous suspension comprises an oocyst concentration of 
about 10 4 to about 10 6 oocysts/ml and an initial hydrogen peroxide concentration of about 1,000 to 
about 20,000 mg/l. 

35 

18. A method for the purification, recovery, and sporulation of oocysts, comprising: 

separating the oocysts from a first suspension comprising the oocysts; and 
sporulating the separated oocysts by the method of claim 14. 
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19. The method of claim 18 wherein the oocysts are Eimeria maxima, Bmeria mitis, Eimeria teneda, 
Emeria acervulina, Eimeria brunetti, Eimeria necatrix, Eimeria praecox, or combinations thereof . 

20. The method of claim 18 wherein separating the oocysts is accomplished by a sodium sulfate 
5 flotation process which comprises: 

preparing an admixture comprising the oocysts and the sodium sulphate; 
centrifuging the slurry and recovering a supernatant therefrom; 
forming a dilution of the supernatant and centrifuging the dilution; and 
recovering the concentrate from the centrifuged dilution. 

10 

21. The method of claim 18 wherein separating the oocysts is accomplished by a gas flotation 
process which comprises: 

adjusting the first suspension to a pH of sufficient to affect adhesion between 

bubbles of the gas in the suspension and the encysted protozoa; 
15 conditioning the pH adjusted suspension by adding a sufficient amount of a surface 

active agent compound to selectively coat particles in the suspension and a sufficient amount of a 

heteropoiar compound to produce a stable froth; 

passing the conditioned suspension through at least one gas flotation cell; and 
recovering the encysted protozoa from the gas flotation cell. 

20 

22. The method of claim 21 , further comprising: 

adding a bleaching agent to the sporulated oocysts in an amount sufficient to 
inactivate residual microorganisms and eliminate residual organic matter, and 
bleaching the sporulated oocysts. 

25 

23. The method of claim 22, wherein the bleaching is conducted concurrently with the spoliation, 
and the bleaching agent is hydrogen peroxide. 

24. The method of claim 22, wherein the bleaching agent is sodium hypochlorite present in an 

3 0 amount from about 5.000 to about 10,000 parts per million free available chlorine, ozone present in 
an amount up to about 3% in air, or combinations thereof. 

25. The method of claim 22, further comprising washing the bleached oocysts by cross-flow 
membrane filtration to decrease the residual bleaching agent concentration to an acceptable level. 

35 

26. The method of claim 25, wherein the bleaching agent is sodium hypochlorite present after 
washing in a concentration sufficient to suppress residual microbial growth, and the bleached and 
washed oocyst suspension has a concentration from about 1 x 10 e to about 2.5 x 10 s oocysts/ml, a 
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maximum solids size of less than about 200 microns, and a sodium sulphate content of less than 
about 0.9 percent 

27. The method of claim 26 further comprising: 

concentrating the bleached and washed oocysts into a sterile concentrate; 

combining sterile concentrates of one or more species of oocysts into a combined 
concentrate; and 

packaging the combined concentrate under sterile conditions. 
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